The pattern of synthesis of nucleic acids and proteins in the development of the microspore and later during pollen germination and tube growth is discussed. In the pollen grain at the time of anthesis all the proteins that are required for germination and early tube growth are either already present, or if new proteins are synthesized, the messenger RNAs for their synthesis already exist in the ungerminated pollen grain. In addition, similar proteins are synthesized on new mRNAs during germination and pollen tube growth as are synthesized on premade mRNAs. The genetic program during at least the latter part of pollen maturation prior to anthesis is thus the same as that during pollen germination and tube growth. Accordingly, one cannot treat mature pollen with mutagens and expect to be able to score the pollen tubes for mutant proteins. Treatment with mutagenic compounds would have to be during pollen maturation in the anther, before the transcription for the proteins required during germination and pollen tube growth has occurred. Available evidence indicates that this is very early in pollen development, possibly soon after meiosis.
The value of pollen tubes to monitor for chemicals that affect the intracellular motilitv systems of organisms is also discussed.
Pollen can, in theory, be used to assay for effects of chemicals on cellular processes that are general to all plant systems. In addition, there are other processes that can be studied that are unique to pollen and are concerned with the fertilization process.
In this paper certain aspects of the molecular biology of pollen development will be (liscusse(l. 
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to be assayed for a specific enzyme activity. Thus, it would be of interest to know which proteins are already present in the pollen grain at anthesis, and when during development the genes for these proteins are transcribed. It would also be necessary to know which proteins, if any, are not present in the mature pollen grain but are newly synthesized during pollen germination, because these wouldl be likely candidates for any rapid assay system. Experiments done in my laboratory that bear on these points will be discussed.
Most of the work has been (lone with pollen of Tradescanatia palItdosa. Tradescantia pollen is easy to obtain throughout the year, stores well in the freezer for several months, is easy to handle experimentally, grows rapidly, and has other properties, such as synchrony of development, that would make it an ideal pollen for assaying the activity of chemicals.
Proteins and RNA are synthesized (lurinig pollein germination and tube growth. Protein synthesis is initiated during the early stages of pollen germination prior to tube outgrowth (1, 2) . Cell membrane synthesis is one of the major synthetic events in pollen tube growth and in Tradescantia a 50-fold increase in surface area of the pollen tube occur's within a short period of growth (3). We have accordingly studied the enzymes for lipid sviythesis to determine whether they were newly svnthesized during germination or were already present in the pollen grain at anthesis (4) . In these experiments the incorporation of r14CI-acetate into in(livi(lual lipids was studied in the absence and presence of inhibitors of protein and RNA synthesis. The incorporation of the precursor into a lipid was use(l as an indication of the presence of the enzymes necessary for the synthesis of that particular lipid (4) . The total radioactivity incorporated into both neutral lipids and polar lipids showed no (lifferences whether or not pollen was grown wAith or without cycloheximide and actinomycin D. These results indicate that all the proteins, i.e., enzymes required for the synthesis of both neutral an(l polar lipids are already present in the mature ungerminated pollen grain and are functionally stable for the 2.5-hr period which was studied. None of these enzymes appear to be synthesized during pollen tube growth (4) . The conclusions about the presence of enzymes in the pollen grain made from the study of enzymes of lipid synthesis are generally found to be true for all the enzymes that have been investigated. A large number of enzymes have been reported to be present in pollen grains of various plant species (3, (5) (6) (7) (8) (9) (10) (11) . All the enzymes studied have been found in ungerminated pollen and although increases in the activity of a few enzymes have been reported during pollen tube growth, there is no good evidence for the new synthesis of any enzyme that was not present in the mature pollen grain (3) .
Experiments studying the effects of blocking RNA and protein synthesis by inhibitors, on pollen germination and early tube growth of several different pollens also indicate that the proteins and/or messenger RNAs (mRNAs) for the proteins necessary for germination and early tube growth are already present in the pollen grain at the time of anthesis (3) . Direct evidence for the presence of stored mRNAs in the ungerminated pollen grain has now been obtained (12) .
RNA synthesis occurs during pollen germination (13) . In Tradescantia, the RNA that is synthesized is not ribosomal (13) or transfer RNA (14) . These two species of RNA are present in the mature pollen grain and were synthesized prior to another dehiscence, and ribosomal and transfer RNA genes are inactive during pollen germination and tube growth (13, 15) . The RNAs that are synthesized during pollen germination are thus mRNAs or 10 mRNA precursors (16) 
mRNAs that are already present in the mature pollen grain and that were synthesized some time earlier during pollen maturation (16) . When`Clabeled proteins synthesized during the first hour of Tradescantia pollen germination and tube growth are analyzed by SDS-polyacrylamide gel electrophoresis, followed by autoradiography, about 20 radioactive bands, most of them comigrating with the Coomassie blue-stained bands, are seen (16) . Moreover, no new protein bands appear in pollen grown for up to 6 hr. When mRNA synthesis is blocked with actinomycin D, the same pattern of synthesis of proteins is obtained, indicating that the presynthesized stored mRNAs and the newly made mRNAs code for the same proteins (16) .
Since the resolution of single dimension gels is relatively poor, we have labeled pollen proteins for 1 hr to high radioactivity with 15 S-methionine in the presence and absence of actinomycin D and analyzed the proteins by two-dimensional gel electrophoresis after the procedure of O'Farrell (17) . On autoradiograms of two-dimensional gels about 230 radioactive spots, i.e., polypeptides, can be resolved. The pattern of labeled spots is the same whether or not actinomycin D is present during growth (18) . These results confirm the results obtained with single-dimensional gels; that there are no qualitative differences in the types of proteins synthesized during pollen germination on previously existing and newly synthesized mRNAs.
The results discussed above indicate that, in the pollen grain at maturity, either all the proteins that are required for germination and early tube growth are already present or if new proteins are synthesized the mRNAs for their synthesis already exist in the mature pollen grain. Moreover, similar proteins are synthesized on new mRNAs during germination as are synthesized on premade mRNAs. In other words, the genetic program during at least the latter part of pollen maturation prior to anthesis and that during pollen germination and tube growth are the same. There is no evidence yet for any protein that does not exist in the mature pollen grain but is synthesized on newly made mRNA during germination.
What are the implications of these observations for the use of pollen to assay for mutagens? It is apparent that one cannot use mature pollen for this purpose because, even if mutations were induced, there would be no rapid procedure to select for possible faulty proteins because either all the proteins required for pollen germination and tube growth are already present, or the gene transcripEnvironmental Health 1Perspectives tion for proteins required (luring germination has already occurred during pollen maturationi. If mature pollen were treated with mutagens, it would only be possible to select for mutations after fertilization in the embryo or after seed germination.
The time and effort involve(d in this sort of a selection procedure would make it unsuitable for routine testing. To assay pollen directly for mutations, it would be necessary to treat the pollen with mutagens during pollen maturation in the anther before the transcription for the proteins ha(d occurre(l.
There is at present very little information concerning when, during pollen (levelopment, the mRNAs for proteins present in the mature pollen grain and active during germination and tube growth are synthesized. Vithanage and Knox (19) have by quantitative cytochemical methods studiedl the synthesis of two wall-held enzymes during pollen dlevelopment in the rye grass, Loliiuiw perennie. One of the enzymes, an acid phosphatase, which is known to occur in the intine, was svnthesized at two periods, the first in the late vacuolate stage of pollen development prior to microspore mitosis, and the second during late maturation of the pollen during the time of generative cell division. The second enzyme studied, a nonspecific esterase, occurs in the exine. The esterase appears to be primarily synthesized in the tapetum soon after meiosis and the formation of tetrads and is probably contributed to the exine after tapetal breakdown (19) . The acid phosphatase is a wall-held enzyme, and its pattern of synthesis might not be the same for cytoplasmic proteins. Nevertheless, these results suggest that the enzymes present in pollen might be synthesized early in pollen development and the transcription of the genes for the enzymes would occur even earlier.
Accordingly, to check a compound for mutagenic activity, it would have to be applied to the anther early during pollen development possibly even prior to meiosis, i.e., one to two weeks before anthesis, to be able to detect mutations that might result and be expressed in the mature pollen grains.
Intracellular Motility
Pollen has many unique properties that make it a good system to monitor the effects of chemicals other than mutagens, on several important cellular processes. Intracellular motility is one such process. All plant cells exhibit cytoplasmic streaming. Streaming is important for the proper functioning of plant cells and probably plays an important role in intracellular transport. Cytoplasmic streaming can be affected by chemicals. In growing pollen tubes cytoplasmic streaming is extremelv active and can be easily visualized under the microscope.
When Tradescantia pollen grains are germinate(d in the presence of cytochalasin B, both streaming and tube growth are reversibly affected (20) . Cytochalasin B is a fungal product which interferes with microfilament function by blocking actin polymerization into the growing end of the microfilament (21, 22) . The first evidence that flowering plants contained actin was obtained with pollen of Amaryllis (23) . With low concentrations of cytochalasin B, streaming and growth rates are slowed down but not entirely stopped (20) . Increasing the cytochalasin B in the growth medium within the range of 0.10 to 0.16 ,ug/ml, resulted in a continuously decreasing rate of streaming, which was directly related to the reduction in the growth rate of the pollen tube (20) . The contractile microfilament system thus seems to be responsible for cytoplasmic streaming and effects pollen tube growth by possibly playing a role in the transport of cell wall precursor materials from the sites of their synthesis to the pollen tube tip where growth occurs (20) .
How tightly are the processes of streaming and pollen tube growth coupled? It is possible to separate the effects on growth and cytoplasmic streaming. The calcium ionophore A23187 at low concentrations can inhibit pollen tube growth completely while only partly affecting cytoplasmic streaming (24) .
Pollen is probably the best assay system available for monitoring the effects of chemicals on the intracellular motility processes of plants. Using Tradescantia pollen, such assays could be completed within a few minutes. Some developmental work would be needed, however, to work out the easiest method for making quantitative streaming observations. 
